The existence and importance of patients with low penile buckling pressure and normal penile hemodynamic status have been recently recognized. We assessed the ratio of inadequate erection for vaginal penetration (low buckling pressure) in patients with normal penile vascular system proved with penile Doppler ultrasonography. A total of 101 patients with normal penile vascular status were retrospectively scrutinized dependent on penile axial rigidity (buckling pressure). Ninety patients had suf®cient penile axial rigidity ( ! 550 g) whereas in the remaining 11 patients (11%) inadequate penile buckling pressure for vaginal penetration (`550 g) was determined. Penile geometric and mechanical properties should not be overlooked during the evaluation of penile vascular system lest the patient be incorrectly diagnosed as having psychogenic impotence.
Introduction
Erectile potency is the product of an erection with suf®cient and sustained penile axial rigidity to prevent buckling pressure on axial direction. The major factors which determines penile buckling forces consist of intracorporeal pressure, penile geometry (penile aspect ratio and penile diameter in¯accid stage) and penile tissue mechanical properties (cavernosal expandability) and tunical distensibility instead of the classical triad cavernosal arterial dilatation, sinusoidal relaxation and venous constriction. Impotence due to inadequate penile axial rigidity may occur in some patients because of unusual tissue mechanical factors of the penis andaor its tissue properties, despite adequate intracavernosal pressure and suf®cient hemodynamic integrity. 1, 2 These patients can be classi®ed as psychogenic impotent. Recently, the importance of the patients suffering erectile dysfunction with normal penile vascular system but negative response to vasoactive agents andaor sexual stimulation on hemodynamic testings have been taken into consideration. We investigated erectile response quality (penile buckling pressure) and the ratio of inadequate erection for vaginal penetration in patients with normal penile hemodynamic status proved with color Doppler ultrasonography.
Materials and methods
We retrospectively scrutinized and enrolled to the present study 101 consecutive patients with erectile dysfunction who have normal penile hemodynamic parameters on penile color Doppler ultrasonography. All patients were evaluated with a detailed sexual history, physical examination, blood chemistry and endocrine assay, and color Doppler ultrasonography (CDU) during pharmacologically induced and sexually stimulated erection. 3 Seventy-three of them were examined with the Aspen Acuson 10 MHz imaging, Doppler, 7 MHz linear probe, whereas the remaining 28 with Toshiba SSA 7.5 MHz imaging Doppler, 5 MHz linear probe. To ensure consistency all assessments of response to pharmaco-stimulation or last substantial rigidity within 10 minutes of sexual stimulation were made by one operator (TE). Color Doppler ultrasonography was performed with patients in a supine position. Electronic cursors were used to measure the penile systolic and end-diastolic blood¯ow velocity and resistance index of cavernosal arteries at the proximal penile shaft after intracorporeal injection (ICI) of 10 mg Prostaglandin E1 and 2.5 mg phentolamine mesylate combination. Arterial blood¯ow velocity in the¯accid state has no degree of accuracy in the functional evaluation of penile vascular system, therefore it was not evaluated. Color imaging was performed to display blood¯ow in cavernous arteries in the initial phase of erection. Angle corrected, Doppler spectrum was displayed on the monitor and cavernosal arterial peak systolic blood ow velocity (PSV) was measured. Approximately 8 ± 10 min after ICI, or at completion of CDU measurements, the initial penile axial rigidity was assessed by an electronic bucklometer (San Francisco, UCSF Biomedical Engineering Laboratory) with a range of 0 ± 1000 g. Patients with a buckling pressure of ! 550 grams were accepted as having an adequate erection for vaginal penetration (positive erectile response), while less than 550 g was accepted as a negative erectile response. 4 These patients, who had negative response to ICI, were then asked to perform manual genital self-stimulation combined with visual sexual stimulation, without ejaculation for 5 min in privacy. Buckling pressure was reassessed and cavernosal artery PSV and end-diastolic blood¯ow velocity (EDV) was determined as described by Quam et al. 5 If positive erectile response was achieved, the quality of erection was re-evaluated by bucklometer, and EDV was measured again a 15 min after stimulation to assess maintenance of erection. Patients maintaining erectile rigidity with less than 5 cmas EDV were presumed to have an intact veno-occlusive mechanism. At the end of this phase, if there was a negative erectile response, redosing of vasoactive agents combination and secondary sexual stimulation, if indicated, was performed as a second step of the evaluation.
End-diastolic velocity greater or equal 5 cmas and resistance index less 0.95 were considered to be diagnostic for veno-occlusive dysfunction (VOD). According to the PSV values of b30 cmas were accepted as normal penile arterial system when suf®cient erectile response was achieved for vaginal penetration or was similar to his home erectile quality. 5, 6 All patients with VOD andaor arterial insuf®ciency on CDU were not enrolled for the present study. On the other hand, 101 patients with normal penile hemodynamic status were divided into two groups as full erection (Group 1) and inadequate penile rigidity for vaginal penetration (Group 2). Statistical analysis was performed for hemodynamic parameters and buckling pressure values between the two groups using the Mann ± Whitney U-test.
Results
Overall the mean age of the 101 patients was 38.30 plus or minus 11.62 (20 ± 65) y. Risk factors for erectile dysfunction are shown in Table 1 , separately for Groups 1 and 2. All patients have normal penile arterial blood¯ow and normal veno-occlusive function from the CDU measurements. Patients were divided into the two groups according to their erectile response. Group 1 patients (n: 90, 89%) have suf®cient penile axial rigidity which was more than 550 g buckling pressure, whereas in the remaining 11 patients (11%), Group 2, inadequate penile axial rigidity (`550 grams buckling pressure) was determined despite a normal penile vascular system. Mean age of the patients between two groups were not statistically different (39.6 AE 11.9 vs 34.2 AE 10.5, Pb0.05). Full erection was achieved after ®rst injection in 8 (8.4%), ®rst stimulation in 23 (24.2%), redosing in 43 (45.2%) and following a second stimulation in 16 patients (16.8%). On the other hand, erectile response was inadequate for vaginal penetration (`550 grams buckling pressure) in all Group 2 patients in spite of redosing combined with stimulation. The results of all CDU assessment in Groups 1 and 2 are shown in Table 2 . The differents of all CDU parameters (PSV, EDV and RI) for right and left cavernosal arteries were 
Discussion
Erection is a hemodynamic phenomenon resulting from a complex interaction between cerebrospinal pathways, smooth muscle and endothelium. Erectile dysfunction can be de®ned as the inability to obtain penile rigidity. Penile rigidity, which is the ability of the erect penis to overcome vaginally mediated axial forces during penetration, occurs after complete cavernosal smooth muscle relaxation, arterial dilatation and restriction of venous out¯ow. 7 The most commonly accepted organic causes of importance are insuf®ciency in arterial blood¯ow andaor venoocclusive dysfunction. 7 However, it is suggested that the quality of penile rigidity does not only directly correlate with normal penile hemodynamic changes but is also determined by penile buckling force factors. 1,2 It has been shown that single ICI of vasoactive agents is not suf®cient to obtain correct erectile response due to high sympathetic nervous system overactivity in clinical settings. 8, 9 Sexual stimulation or redosing combined with stimulation was recommended to prevent false positive results as arterial insuf®ciency andaor VOD in the evaluation of erectile dysfunction. 3, 10 We used phentolamine mesylate as an alpha-blocker agent and performed redosing combined with sexual stimulation (second phase) to prevent sympathetic overactivity. We achieved positive erectile response after ®rst ICI, ®rst stimulation phase, redosing and second stimulation followingly in 8, 23, 43, and 16 patients, respectively. However, we could not observe suf®-cient erectile rigidity despite prevention of sympathetic inhibitory affect and normal vascular hemodynamic changes in 11 (11%) patients. This ratio is 4.8% in Hatzimouratidis series 11 and these patients were interpreted as erectile dysfunction due to excessive penile geometry or impaired tissue mechanical properties. In our retrospective series, even though 11 patients were not evaluated for penile geometrical and mechanical properties, it was advocated that the reason of inadequate penile rigidity despite normal hemodynamics could be implied as depending on improper mechanical tissue properties or penile geometry. Recently, ®ndings about penile geometry affecting penile rigidity made us think the patients with normal penile vascular system suffering erectile dysfunction had become pyschogenically impotent. The authors emphasized that tunical weakness was a causative factor for impairment of erection in spite of high volumetric changes in VOD and volumetric changes were not statistically signi®cant between the patients with VOD and a normal penile vascular system. The importance of this study is that is the ®rst evaluation for penile area and length ratio in accid and erectile status. In another study Wespes et al 12 pointed out that penile extensibility may mimic tunical elasticity. However, there was no correlation between decreased extensibility and increased corporeal ®brotic structure. In this study all the patients were evaluated in¯accid state for assessment of tunical extensibility.
In normal males, Lavoisier et al, 14 suggested that intracorporeal pressure was 90 ± 130 mmHg in erection and it could be increased to 300 ± 400 mmHg with contraction of perineal muscles. In the same study, it was demonstrated that a third of the external and two thirds of the internal closing pressure of the vagina were 40 and 10 mmHg, respectively. The internal and external pressure gradient on glans penis was suggested as a provacative factor on perineal muscle contraction which facilitates penile rigidity. But they did not point out a correlation between intracavernousal pressure, penile geometry and vaginal closing pressure. At this point, female sexual dysfunction, which has been recently popularized, 15 might be thought as an external penile factor for the development of penile rigidity.
It is suggested that erectile rigidity can be achieved using ICI of vasoactive agents in patients with vascular component especially penile arterial insuf®ciency. 16, 17 These patients may have mechanical tissue properties andaor proper penile geometry advantages (high cavernosal expendability or high penile aspect ratio or high¯accid diameter) to account for the adequate penile rigidity in spite of other disadvantages. Hemodynamic properties of the corpora cavernosa is only one of the three factors which determine penile rigidity. Approximately in 11% of patients, hemodynamic changes do not always predict the adequaces of penile buckling forces and erectile potency because they may have penile geometric and tissue mechanical characteristics that prevent adequate penile rigidity. For this reason, penile geometric and mechanical properties should not be overlooked during the evaluation of the penile vascular system lest the patient be misdiagnosed as psychogenic impotent.
Previous attempts to measure the diameters and changes in diameter of the cavernosal arteries have not yielded clear results mainly due to the limited resolution of the ultrasound scanners preventing accurate measurement of these arteries which are less than 2 mm, in diameter. 18 Large errors will arise Association of hemodynamic responses with penile rigidity and potency T Erog AEru et al in the calculation of vessel area from poorly resolved diameter measurements. Measurement of penile blood¯ow using different Doppler systems shows variable results in the literature. 19 Because penile size differs so widely among the male population and many cavernosal arteries give off branches proximal to the site of scanning, an accurate standard for penile blood¯ow volume cannot be easily determined. 20, 21 For this reason, it was suggested that arterial waveform and blood¯ow velocity might constitute a better diagnostic indication to differentiate between normal and abnormal penile vascular status. Lee et al 19 suggested that penile tumescence and rigidity correlated well with cavernosal arterial velocity measurements. It was proved that a consistently a b70% penile rigidity was produced by b25 cmas cavernosal arterial blood ow velocity in 20 healthy male volunteers with histories of normal sexual function. Due to the fact that we used cavernosal arteries, blood¯ow velocity for evaluation penile vascular status with 30 cmas and 5 cmas cut-off values for PSV and EDV, respectively. According to Schwartz et al, 22 during the functional evaluation penile vascular system with CDU, IC pressure changes from 40 to 60 mmHg and the mean systolic velocity is 30 cmas in phase 3. During phase 4 usually reversed end-diastolic blood ow velocities are observed, while the mean systolic blood¯ow velocities remain b35 cmas. Peak blood ow velocities are maximal during this phase with 65 to 85 mmHg IC pressure. In phase 5, IC pressure b85 mmHg with maximal penile rigidity. However, in this phase the systolic blood¯ow velocities through the cavernosal arteries are diminished due to the compression of the arteries when the elevated IC pressure approaches to mean arterial pressure. Owing to the fact that blood¯ow velocities measured in this phase might indicate false positive cavernosal arterial insuf®ciency. 22, 23 For this reason, we performed measurements of blood¯ow velocities and penile axial rigidity in different periods of CDU assessment.
In conclusion, not only penile vascular status but also mechanical and geometric properties which can be easily identi®ed on CDU should be evaluated in patients with erectile dysfunction in a clinical setting, to distinguish these penile characteristics in patients with inadequate penile rigidity and normal penile vascular system. They can be successfully treated with simple penile remodeling techniques 24 as an appropriate therapeutic approach instead of unnecessary treatment for psychogenic impotence which is incorrectly diagnosed.
